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£J> Motaeular dnnat nf the gtnomp of WYLV Ut. 

Disclosed IS tlis molrv.utBf cloning of HTUMII, iho odult 
leukoiTTiB and acquired immuna dirficiftncy 9 V nd/om 0 (AIDS) 
viru*. CluiM RH10 contains a 9.0 Kb viral in*nn constituting tho 
•ntirc HTLV-III nenotu Clonos BMB and ANft ncmuln viral 
intent of 6.5 Kb and 3.S Kb, rcspoctwelv. Thato rtoitmi wo 
suitablu lor tho development ol diarjnoatic and ilwrnpoutic 
measures for AIDS, as well as use as probes far the dotociinn 
ol AIDS 
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MOLECULAR CLOKES OP THE GENOME OP ffTLV-ni 



DESCRIPTION 

In related Inventions, HTLV-III was detected, 
Isolated and Inmor tal Ixed In an HT cell line. Since 
evidence now strongly Indicates that HTLV-III is related 
to •equirsd ;.uuun« deficiency syndrome (AIDS), the abli- 

5 ity to enhance production of the virus and determine the 
DNA sequences o! the virus Is critically important to 
developing a cure or reagent active against AIDS, The 
present Invention takes one such significant step by 
disclosing the process for molecular ly cloning the com- 

10 plete genome of the HTLV-III virus. In short, the 
molecular cloning of the complete genome of the HTLY-III 
virus produced by one of these lines designated H9/ HTLV- 
III Is disclosed. Two forms of this virus are identified 
which are highly related but differ In several restric- 

13 tion enzyme cleavage sites. Both variants exist as inte- 
grated and unintegrated forms in the Infected cell 
line. The complete genomes of two forms of HTLV-III are 
molecular ly cloned and shown to exist in the long-term 
infected cell line both as polyolonally integrated pro- 

20 virus and as unintegrated viral DMA. These clones are 
used as probes to detect viral sequences In cell lines 
other than H9 /HTLV-III, taken from different AIDS 
patients, and in fresh lymphoid tissues of AIDS patients f 
providing further evidence that the cloned genomes con- 

25 stftute predominant forms of HTLV-III, the causative 
agent in AIDS. 



Previous work with the HTLV family of virus 
showed three variants. Of these, it was believed that 
30 HTLV-III was the causative agent of AIDS. Using the 
clones produced by this invention, HTLV-III has been 
shown to be distinctly different than HTLV-I and HTLV-Il, 
whereas HTLV-I and -U share greater homology and thus 
better identification of AIDS virus in sera. 
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Description of the Drawings 

Figure 1 is a Southern blot analysis of uninte- 
gratod DNA of HTLV-III. No viral sequences could be 
detected in the undigested DNA after 4 hours. However, e 
major species of viral DKA. of approximately 10 Kb lengu 
was present in the 10, 15, 24 and 48 hr harvest repre- 
senting the linear unintegrated form of the virus. v 
representative Southern blot of the IS hr harves- 
digested with several restriction enzymes is shown li 
this figure. Methods: 8 z 10* fresh uninfected H9 cell 
were infected with concentrated supernatant from eel 
line H9/HTLV-III containing 4 x 10 11 particles of HTLY 
III. Infected cells were divided into five Rolie 
bottles and harvested after 4, 10, 15, 24 and 48 hrs 
Low molecular weight DKA was prepared using the Hlr 
fractionation procedure and 30 ug of undigested an 
digested DMA were separated on a 0.8% agarose gel, trans 
ferred to nitrocellulose paper and hybridized to a HTLY 
III cDNA probe for 24 hr at 37 # C in 1 x SSC, 40% forrr 
amide and 10% Dextran sulfate. oDKA waa synthesized fro 
poly(A) selected RKA prepared from doubly banded HTLV-II 
virus In the presence of oligo(dT) primers. Filters wer 
washed at 1 x SSC at 65 # C. 

Figure 2 is a restruction endonuclease map c 
two closely related HTLV-III variants cloned from unintc 
gr»t*d viral DNA. Three recombinant clones (XBH1Q,X Bl- 
and XBH8) were analyzed and their Inserts (9 Kb, 5.5 I 
and 3.3 Kb, respectively) were mapped with the indicau 
enzymes. They represent two variant forme of KTLV-i: 
differing in threo enzyme sites which are depicted 
bold Utters and by an asterisk. As SstI cuts the LTR < 
the OTLV-III the three clones represent two full leng 
genome* with one LTR. A schematic map of this vir 
genome is shown at the bottom of the figure, although t 
total length of the LTR is approximate. Methods: 1 
molecular weight DNA combined from the 15 and 24 hr ha 
vest was fractionated on a 10-40% sucrose gradien 
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high stringency. Methods* Subclones of full lengt 
genome* of a prototype OTLV-I, OTLY-Ib, ffTLV-III and GaL 
(Seato strain) were digested with the following enzymes 
PstI plus SstI (HTLV-I and HTLV-Ib) , BamHI plu* Sma 

5 (HTLV-II) and Hind III plus Sma I plus Xhol (GaLV) . Fou 
replicate filters were prepared and hybridized for 36 h 
under low stringency (8 z SSC, 20% formamide, 10% Dextra 
sulfate at 37 # C) to nick translated insert of aBHIO 
Filters were then washed in 1 z SSC at different tempera 

10 tures, 22 # C (Tm - 70 # C) filter 1, 37 # C (Tta - 56*C; filte 
2, 50 # C (Tte - 42*C) filter 3 and 65 # C (Tte - 28 # C) . 

The Invention 

The present invention discloses a method fc 
production of molecular clones of HTLV-I II from a frac 

15 tion enriched for the unintegrated provirus in acutel 
infected cells. Three clones for the HTLV-I II genorr 
were produced using recombinant DNA techniques by isolat 
lng and. characterizing unintegrated viral UNA, cleavin 
this DNA with the appropriate restriction enzyme, an 

20 constructing a phage library capable of being screened b 
viral cDNA. This process led to the production of thre 
clones! BH10, containing a viral insert of 9.0 Kb corre 
spending to the complete HTLV-I 1 1 genome j clone BR8 con 
talalng art Insert of 5.3 Kb* and clone BH5 containing 

23 viral insert of 3,5 Kb. See Figure 3 for a pictora 
representation of the differences between these thre 
clones. 

In general, clonintf the OTLV-III genorr 
involved isolating unintegrated viral DNA after infectic 

30 of H9-cells with concentrated ffTLV-III virus and clonln 
this ■ DMA In a lambda phage library to be screened wit 
viral oDNA. The cell line H9/OTLV-III produces larg 
quantities of HTLV-I II virus and serves as the princlpa 
producer cell line for irmiuno logical assays used t 

35 detect virus specific antigens and antibodies in All 
sera. Cultures of H9/HTLV-III cells (infected cells; a: 
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I wn an. harvested followed by extraction of low 
molecular weight DMA from the newly l„f. ctt<1 eiUj 
Produces unintegr.ted viral DMA. A cONA library 
rmed using mV -„l cDNA. This cDKA I, then 

'/w aSStylfl ' th ' UB,nU «'"- vlr.l DMA. Unlnte- 

l r rDltA(prov,ru ' dna; l ' •"•«»•«. c - 

talnl g the entire HTLV-m Jenomt , , a 
eo.pet.nt This DNA 1, then dlg.,t,d ln , u J< ^ 
f We, lambda B to form clone lambda BH10. The Tur 

loTl^ P ? dUC6d ^ d,M,Ung Pr ° VlP " ^ that doe, 
not contain the entire HTLV-m g tnomt . 

nant DNA ^ °' ^ Pf0 "" '•«*"!- 

nan DNA procedure,, such a,, the DNA library and a cDNA 

Probe. The libr.ry i, formed by t.Rlng th. total 2 

«lth a suitable restructlon enzyme, hybridizing to the 
foment, to a radiolabeled cDNA prob., Joining the fr. f - 
ments to plasmld vectors, and then Introducing the recom- 
binant DMA into a suitable host. 

The cDNA probe is an ffHV-111 cDKA ppoot ma<Je 
rom^double-banded HTLV-in mRRA. A short oligo-dT chain 
I hybridized to th. poly-A tall of th. mRNA. strand. The 
olIgo-T s.pn.nt ,. rv ., a. a primer for th. action of 
reverse t,a»,.r lpt.se, which ustJ tn , ^ >f § ^ 
for tbe .ynth.si, of a complem.nt.ry DNA strand. The 
r««ltlng cDNA end, m • hairpin loop. Once the mm 
strand Is degraded by treatment with N.OH, the hairpin 
loop become, a primer for DNA polym.r.,. I, which com- 
pute, th. p.,,., DNA strand. Th. loop i, th.n cleaved 
by SI nuclei,, to produce a double-str.nCed cDNA mole- 
cule. Linker, ar, then added to th. doubl.-str.nd.d cDNA 
by using DNA l,g.„. After th , ^ ^ ^ 

• restriction enzyme and the cDNA I, |„,. f ted Into . 
suitable pl.smid ,i,. v , d wlth t „, J4m . ^ ^ 

PBR322. The result ! S . cDNA-containlng recombln.n: 
plasmid. 



0173529 

- 6 - 

Statement of Deposit 

The cell lines and clones of this invention are 
on deposit In the American Type Culture Collection In the 
manner prescribed by the Patent and Trademark Office with 
regard to permanence of the deposit for the life of the 
patent and without restriction on public access. ihe 
accession numbers are: H9/HTLV-III, CRL 8543; BH10, 
#40125} BH8, #40127; and BRS 9 #40126. 

Specific Disclosure 

Concentrated virus from H9/HTLV-III is used to 
Infect fresh uninfected H9 cells at a multiplicity of 50 
viral part icles/ce 1 1 | cultures are harvested after 4, 10, 
15, 24 and 48 hours. Extrachroraosomal DNA is extracted 
according to the procedure of Rlrt and assayed for its 
content of unintegrated viral DNA using HTLV-III cDNA as 
a probe. This cDNA is primed by oligo(dT) and copied 
from poly(A) containing RNA from virions that had been 
twice banded on sucrose • density gradients. Unlntegrated 
linear viral DNA is first detected after 10 hrs and is 
also present at the subsequent time points. A Southern 
blot of the 15 hr harvest Is shown in Figure 1. A band 
of approximately 10 Kb In the undigested DNA represents 
the linear form of the unlntegrated, replication-compe- 
tent ffTLV-III. No closed or nicked circular DNA could be 
detected In the 10, IS and 24 hour harvest, but both 
forme were evident in small amounts at the 48 hr harvest 
(data not shown). The viral genome was not cut by Xbal, 
whereat Setl generated three predominant bands of 9 Kb, 
5.5 Kb and 3.5 Kb (Plgure U. These bands represent the 
complete genomes of two forms of HTLV-III, both cut by 
SstI In the LTR and one having an additional SstI site ir\ 
the middle of its genome. Clone BH10 contains a viral 
Insert of 9.0 Kb, a size consistent with the complete 
HTLV-III genome. Clones BH8 and BH5 contain inserts cf 
5.5 Kb and 3.5 Kb, respectively, and together they 
overlap completely with 3H10, except for a few restric- 
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10 



15 



20 



tlon enzyme sites polymorphisms' in BH5. Therefore, BHK 
and BH8 plus BH5 represent two variants of HTLV-II1. 

EXAMPLE 1 

In. order to demonstrate the presence 



two variants In the original cell line, nick-translate. 
Inserts of lambda BH10 was hybridized to a Southern bio- 
of H9/HTLV-III genomic cDNA digested with seven 
restriction enzymes (Figure 3). Both forms could b. 
detected using the enzyme SstI generating the expected : 
bands of 9.0 Kb, 5.5 Kb and 3.5 Kb Xbal which does no 
cut the provtrus generating a high molecular . weigh 
genome representing polyclonal integration of the 'pro 
virus and a band of approximately 10 Kb which could b< 
interpreted as representing unlntegrated viral DNA sine 
a band of identical size was also present In the undi 
gested first preparation (Figure 1). This was conflrme. 
by Southern blot hybridization of undigested ceilula: 
DNA. The existence of unlntegrated viral DNA thu 
explains the presence of a 4 Kb and 4.5 Kb EcoRI fragmen 
seen in both first and total cellular DNA preparation: 
(Figure 1 and Figure 3). Bglll and Hlndlll both cut tlu 
LTR and generated the expected Internal bands. Several 
faint bands In the Hlndlll digest, In addition to the 
internal bands, represent either defective provlruses or 
25 another variant form with differences In the Hlndli: 
restrletloa pattern. The lack of HTLV-I1I sequences li 
the uninfected H9 cell line and the uninfected parents: 
Una HP as wall as In normal human thymus demons tratec 
the exogenous nature of HTLV-III and showed that th< 
30 virus does not contain any human cellular sequences. Thi 
same results were obtained using nick-translated insert: 
from lambda BHS and lambda 8H8. 

EXAMPLE 2 

The availability of the cloned HTLY-III genorru 
35 allowed sequence homology between HTLV-III, HTLV-1 anc 
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a», nn ... in# rilt «fi ware then w M h./ 

»BH Oi) under condition, of low, medium end hi gh sttltl 
gencle. in order to* e. timet, tn. e,t.„t of J 
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" t0 th# eorre.pondinj px fragment in HTLV-I ( 2 
Kb P.t/3it) on the ordinal eutoradiogram. 

BCftleTLg a 

Pijure 2 .how. the re.tr ict ion map of thre, 
clone. de.ign.t.dXBHlO, XBHS end X BH8 which corre.pon, 
in to the three SstI fregment. .hown in Figure 1 

Comparl.on of the.e m. P , SU gg„t. that X BHi piu. X BHl 
constitute one HTLV-III f ,„om.. t .„ d X BRIO another. Th, 
two viral forms differ In only three out of 21 mappe. 
en*yme ..lte«, including the internal SstI ,lte. a 
expected, the phage Inserts of XBHJ and X BH8 hybridiz 
under high stringency condition, to XBH10 but not to eac 
other e. analyzed by Southern blot hybridization an 
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electron microscopic heteroduplex analysis. To show the 
presence of LTR sequences in the clones and to determine 
their orientation, a cDNA clone (CIS) was used as a probe 
and contained U3 and R sequences. This clone strongly 
hybridized to the 0.5 Kb Bfll I fragment of X BH10 and 
XBH8, orienting this side 3', and faintly hvbrldlzed to 
the 0.7 Kb Sstl/PstI fragment of X BH3 and XBH10, orient- 
ing this side 5', and demonstrated that SstI cuts the LTR 
of HTLV-III in the R regioa| 
1 ** ■■'■<■ . % 

EXAMPLE 4 * 

The presence of two variant forma of HTLV-III 
in the original cell line waa demonatrated by hybridizing 
the radiolabeled Insert .©J XBH10 to a Southern biet of 
H9/KTLV-III genomic DNA digested with several restriction 
enzymes (Figure 3;. Both forms were detected using the 
enzyme SstI which generated the expected 3 bands of 9Kb, 
3.5 Kb and 3.5 Kb length. Both of these forms are also 
present as integrated proviruses because they have been 
cloned along with their flanking cellular sequences from 
a genomic library of H9/HTLV-1I1. Furthermore, Xbal, 
which does not cut the provlrus, generated a high molecu- 
lar weight smear representing polyolonal Integration of 
the provlrua and a band of approximately -10 Kb, repre- 
senting unlntefrated viral DHA. This cam *0 Kb band was 
also detected In undigested H9/HTLV-III DKA, afiln Indi- 
cating unlntegrated viral DMA.. The presence of uninte- 
grated viral DMA. also explains the 4 Kb and 4.S Kb EcoRI 
fragment seen in both the Hlrt and total cellular DNA 
preparation* (Figures 1, 3). Bgl II and Hind III both 
cut the LTR and generate the expected Internal bands. 
Several faint bands, in addition to the Internal bands 
using Hind III, represent either defective proviruses or 
another variant form present In low copy number. The 
lack of HTLV-III sequences in the DNA of tho uninfected 
H9 cell line and the uninfected parental cell line HT as 
well as in - normal human thymus clearly demonstrates the 
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exofenous nature of HILV-in end Jh0 w, that the 

dots not contain human cellular sequence,. The 

results were obtain,* u , Inf X BH5 and X BH8 a, 
Inserts. 
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WHAT IS CLAIMED IS : 

1. Recombinant clone BH10 character Ized by 
containing the wc-plete HTLV-IH genome. 

2. Recombinant clone BH8 characterized by 
containing a 5.5 Kb viral Insert fromHTLV-IlI virus. 

3. Recombinant clone BH5 characterized ey 
containing a 3.5 Kb viral insert f rom HTLV-HI. 

4. A process for the production of recombinant 
molecular clones of HTLV-III consisting essentially of 
cleaving unintegrated viral DNA from HTLV-HI cells with 
a restriction enzyme to obtain a provirus, hybridizing 
radiolabeled cDNA to said provirus, and digesting said 
virus in a suitable plasmid. 

5. A process for the molecular cloning ana 
expression of cDNA sequence of HTLV-III consisting essen- 
tially of 

isolating total cellular mRHA f rom H9/ HTLV- 
III cells; 

forming double-stranded cDNA from said mRNA 
and inserting said double-stranded efiNA into a phage 
lambda, to form a recombinant DMA molecule; 

hybridizing said recombinant DNA molecule 
with a radiolabeled probe; 

removing cDKA from said molecules and 
inserting said cDKA into a suitable plasmid; and 

transfecting said plasmids into a suitable 
host cell capable of expressing HTLV-III DNA sequences. 

6. A process of Claim 5 wherein said plasmid 

isXBHIO. 

7. A process of Claim S wherein said plas-.;c 

i s X BH8 . 
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